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 The relevance of the research lies in the approach to assessing the engineering-geological conditions within the local tectonic 
structures and their role in the formation of the properties of rocks and the state of the massifs composed by them. The
formulation of the question regarding the rocks of the red-colored terrigenous formation as a separate object of engineering and 
geological research allows us to take into account the features of the history and mechanism of development of local structures, 
as well as their influence on the reaction of rocks in this case. Particular attention is paid to the role of tectonic fracturing as a
consequence of the mechanism of development of local structures and its influence on the activation of hypergenesis processes. 
An analysis of the behavior of rocks during the development of local structures and the response of the massif to changes in the
state of rocks and the activation of hypergenesis processes was carried out, which, in turn, determined the engineering-
geological situation at the current moment. Particular attention was paid to the assessment of tectonic fracturing, identification
of weakened zones and criteria confirming the correctness of their identification. The methods used in solving the tasks were
reduced to a comprehensive study of local structures: the study of the history of their development, size, amplitude of uplift of
the foundation, instrumental survey of fracturing in outcrops with subsequent construction of a map of fracturing, sampling,
laboratory studies of the structure and properties of rocks, fixation of exogenous processes within the structure. 
The results of the research were the established dependences of the influence of tectonic fracturing on the state of rocks at three 
levels: the microlevel (the reaction of the minerals of the constituent rocks at the level of the crystal lattice in the form of defects
that have arisen); mesolevel (changes in the physical and mechanical properties of rocks); macrolevel (activation of exogenous 
processes). Thus, criteria have been defined that allow using them to confirm the correctness of the selection of the most
fractured sections of the massif. The correctness of the methodology for identifying zones of increased fracturing within local 
structures is confirmed by the criteria that were used to solve this problem. It can be used as a basis for large-scale geotechnical 
zoning within local tectonic structures.
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 Актуальность исследований заключается в подходе к оценке инженерно-геологических условий в пределах локальных 
тектонических структур и их роли в формировании свойств пород и состояния массивов, ими сложенных. Постановка
вопроса относительно пород красноцветной терригенной формации как отдельного объекта инженерно-геологических 
исследований позволяет учитывать особенности истории и механизма развития локальных структур, а также их влияние
на реакцию пород при этом. Особое внимание уделяется роли тектонической трещиноватости, как следствию механизма
развития локальных структур и ее влиянию на активизацию процессов гипергенеза. 
Осуществлен анализ поведения пород в ходе развития локальных структур и реакции массива на изменение состояния
пород и активизацию процессов гипергенеза, что, в свою очередь, определяет инженерно-геологическую ситуацию на 
текущий момент. Особое внимание уделяется оценке тектонической трещиноватости, выделению ослабленных зон и
критериям, подтверждающих корректность их выделения. 
Методы, применяемые при решении поставленных задач, сводились к комплексному изучению локальных структур: 
изучение истории их развития, размеров, амплитуды поднятия фундамента, инструментальная съемка трещиноватости
в обнажениях с последующим построением карты трещиноватости, отбор образцов, лабораторные исследования
строения и свойств пород, фиксация экзогенных процессов в пределах структуры. 
Результатом исследований явились установленные зависимости влияния тектонической трещиноватости на состояние
пород на трех уровнях: микроуровень (реакция минералов слагающих пород на уровне кристаллической решетки в виде 
возникших дефектов); мезоуровень (изменения физико-механических свойств пород); макроуровень (активизация 
экзогенных процессов). Таким образом, определены критерии, которые позволяют использовать их для подтверждения
корректности выделения наиболее нарушенных трещиноватостью участков массива. Корректность методики выделения
зон повышенной трещиноватости в пределах локальных структур подтверждена критериями, которые были
использованы для решения этой задачи. Она может быть использована в качестве основы при крупномасштабном 
инженерно-геологическом районировании в пределах локальных тектонических структур. 
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Introduction 
 

The necessity to address the issue of geotechnical 
zoning of territories within local tectonic structures is 
caused by a number of reasons. The author’s earlier 
research of the features of the conditions for the 
formation of geotechnical properties of rocks of the 
terrigenous red formation indicate a significant role of 
local structures in the course of their development and 
influence on the rocks and massifs state. Change in 
physical and mechanical properties of rocks are 
closely related to the history of local tectonic 
structures development by the mechanism of their 
formation which led to the creation of prerequisites 
for the activation of hypergenesis processes and, as a 
result, to the transformation of the quality of rocks 
and the state of the masses composed by them. 

Local structures of the third order are widely 
developed on the territory of the distribution of the 
red-colored terrigenous formation of the eastern part 
of the Russian platform. The mechanism and 
conditions of their formation have been studied by a 
number of researchers (L.N. Rozanov, V.V. Belousov, 
Yu.A. Kosygin, E.W. Spencer, A.P. Vinogradov, 
A.B. Ronov) [1–8] and others. They found that the 
peculiarities of the formation of structures on the 
platforms are determined by the nature of the 
prevailing tectonic movements, their vertical 
orientation. Block tectonics of the platform basement 
is the main factor in the formation of sedimentary 
cover structures. Among the studies devoted to this 
problem  it should be noted the works of L.N. Rozanov 
[2] with a detailed analysis of the mechanism of 
structures formation and their varieties. An important 
consequence of this is the occurrence of tectonic 
fracturing  which served as an impetus and catalyst 
for the activation of hypergenesis processes. The 
impact of fracturing on the condition of rocks and 
massifs was generally assessed by many researchers 
from a practical point of view [9, 10]. Great 
importance is attached to the assessment of rock 
fracturing in the design of hydraulic structures 
[11–13], as well as its role in explaining the reasons 
for a wide range of rock strength characteristics in a 
limited area of the massif [14–17]. A significant 
amount of work has recently been devoted to solving 
local problems, such as assessing the sides of quarries, 
when it is determined a connection between fracturing 
and violation of the strength characteristics of rocks 
affecting the stability of individual blocks of the 
massif. It is also assessed water abundance in certain 
areas of fields which is associated with increased 
fracturing [18–23]. To solve these problems, 
mathematical modeling methods are widely used. At 
that, both the state of the massif as a whole [24–28], 
and the reaction of rock-forming minerals and defects 
arising in them under the influence of high stresses in 
rock masses [29–39] are assessed. 
 

Methodological Approach to the Territories   
Typing  within Local Structures 

 
From the point of view of engineering geology it is 

the matter of topical interest the problem of identifying 
the weakened zones within the entire area of the massif 
and the mechanism of propagation of areas with the 
 

 
 
Fig. 1. Schematic map of fracturing distribution within 
Opalikhinskaya local structure: 1 – outcrop line; 2 – sampling 
points; 3 – suffosion subsidences; 4 – clearing locations; 
5 – ravines; 6 – area of outcrop within which landslide 
is developed; 7 – isolines of fracturing intensity index; 
                          8 – boundary of the structure 
 
increased fracturing in order to establish the least 
favorable areas for their development. At one 
time, E.N. Permyakov [40] and M.V. Gzovsky 
[41–43] tried to define the nature of crack 
development within local structures using physical 
modeling. The data presented in these works 
confirmed the general principles of fracturing 
development in massifs. However, they could not 
take into account a number of factors in each 
individual structure related to the history of its 
formation (geometric characteristics, axis 
dimensions, amplitude of the foundation block rise, 
deformation properties of rocks, etc.). The proposed 
methodology involves a first-stage study of the 
geological characteristics of a particular structure 
and its parameters, followed by consducting an 
instrumental survey in the field in order to construct 
a fracturing map. 

In carrying out field work and constructing 
fracturing maps it was the technique applied earlier 
by N.V. Kataev [44] and A.I. Pecherkin [45] at the 
Department of Engineering Geology and Subsoil 
Protection of Perm State National Research 
University (PSNRU) to solve kastorological problems 
and published in [46]. The author applied this 
methodology in assessing the fracturing of a number 
of local structures on the coast of the Kama 
reservoirs (Opalikhinskaya, Romanikha, Izhevsk 
source structures). During the fracturing survey rock 
samples were taken from outcrops and were studied 
in laboratory conditions. A fracturing map was 
constructed on the base of the fracturing survey 
results (Fig. 1). 

The principles proposed for solving this problem 
are based on the methods of fracturing maps 
generation for local structures, where, according to 
the results of a comprehensive study of the massif, the 
correctness of the selection of these zones is confirmed 
at different levels of the state of rocks: 

− micro level – reaction of the crystal lattice to the 
development and occurrence of fracturing; 

− meso level – change in the physical and 
mechanical properties of rocks in fractured areas of the 
structure; 
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− macro level – activation of exogeneous 
processes in zones of increased tectonic fracturing 
Thus, the proposed methodology involves two main 
stages:  

Stage 1 – construction of fracturing map of the local 
structure; 

Stage 2 – study of the rocks condition in order 
to assess the correctness of fracturing zone 
identification. 

Changes in the rocks condition at the micro level 
are essentially the basis for the beginning of 
the activation of hypergenesis processes and they 
are associated with violations of the structure of 
the crystal lattice during the occurrence of stresses 
in the rocks and, as a result, deformations with 
the subsequent formation of fracturing. At natural 
occurrence, rocks, being in thermodynamic 
equilibrium with the environment, can record a 
change in the geological situation in the crystal 
structure of their constituent minerals, variations in 
composition and texture. Interpretation of the 
information encoded in the lattice of minerals, 
the composition and structural and textural features 
of rocks allows us to obtain data for the 
reconstruction of the nature and mechanism of 
processes and the formation of rock properties 
[47, 48]. To obtain answers to these questions, the 
author used X-ray diffraction analysis. 
To characterize the microtext, a texture index (≤ ½) 
was used, measured in degrees, as well as an 
indicator of the instrumental width of the 
scattering intensity peak (B, mm), which 
characterizes the crystallite microdeformations. 
Based on the fact that stresses determining the 
occurrence of deformations and fracturing should 
also affect the microtexture of rock-forming 
minerals, a comparative analysis of the results of X-
ray diffraction analysis of samples from zones of 
different degrees of fracturing within the local 
structure was carried out. The reaction of rocks at 
the level of the crystal lattice and the degree of 
change in their state depending on the fracturing 
(LT) are shown in Fig. 2. 

Violation of the integrity of the rocks of the massif 
also affects the main rock-forming minerals. 

First of all, their ratio changes: the content of the 
least resistant to hypergenesis decreases in the rock. 
Calcite, being one of the cement minerals, reacts most 
sensitively, and its amount decreases significantly in 
zones of increased fracturing (Fig. 3). Quartz is the 
most stable mineral. 

The described changes in the structure and 
composition of rocks in zones of increased fracturing 
caused a deterioration in their density and strength 
characteristics. This is confirmed by the results of 
laboratory tests and is shown in Figures 4 and 5. 

Thus, the change in the physical and mechanical 
properties of rocks in zones of increased tectonic 
fracturing is another criterion (at the meso level) to 
confirm the correctness of the identification of 
weakened zones within local structures. 

The criterion for the influence of tectonic fracturing 
on the state of the massif at the mesolevel is the 
activation of exogeneous processes in weakened zones 
within local structures. 

 
а 

 
b 

 
Fig. 2. Relationship between the degree of quartz crystal 

lattice disturbance of quartz (B, mm) and fracturing (LT) (a) 
and the relationship between the degree of quartz crystal 

lattice disturbance (α ½, °) and fracturing (LT) (b) 
 

        
 

Fig. 3. Effect of tectonic fracturing on calcite 
content in argillite cement: 1 – calcite content (%); 

2 – fracture index (LТ)  

        
 

Fig. 4. Influence of tectonica fracturing 
of the Opalikhinskaya local structure on the density 

of mudstones: 1 – rock density; 2 – fracture index (LТ)  
The author carried out a comparative analysis of the 

activity of a number of exogeneous processes in the 
areas of varying degrees of fracturing. So, within the 
Opalikhinskaya local structure areas of gulley erosion 
have been mapped (Fig. 6).  

The location of the gulleys is observed in the areas 
with the increased fracturing rates (LТ > 15 000 m/10ha). 
In addition, fracturing controls the length and direction 
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а 

 
б 

 
Fig. 5. Influence of quartz crystal lattice 

disturbance (V, mm) on the strength (Rc, MPa) 
of sandstones (a) and mudstones (b) 

 

 
 

Fig. 6. Spatial correlation diagram of the zone of maximum 
rock fracturing and areas of development of gully erosion 

and landslide processes within Opalikhinsky local structure 
 

 
 

Fig. 7. Effect of local structure fracturing on the height 
of the abrasion bench of the gulleys thalwegs  

 
of gully erosion. In particular, the growth of gulleys 
towards the watershed is limited by the zone of 
maximum fracturing in the axial part of the 
structure. The central part of the massif (the most 
fragmented) is also marked by a transition of gullies 
into the row of suffosion funnels extended along the 
central axis of the structure.  

Another indicator of gully erosion may be the 
height of the abrasion bench of the gulleys 
 

 
 

Fig. 8. Change in fracturing modulus 
of mudstone-like clays with depth 

 

 
 

Fig. 9. Mineral content in clearings according 
to thermal analysis data  

 
thalwegs. The most fragmented areas of the massif 
are characterized by the minimum height of thalweg 
(Fig. 7). 

Weathering, which is a combination of a number of 
physical and chemical processes, reacts to the presence 
of tectonic fracturing especially sensitively, since the 
disturbed state of the massif rocks creates favorable 
conditions for the activation of hypergenesis. Since the 
beginning of the formation of local structures in 
conditions of high stresses and deformations, there has 
been a significant restructuring of the of minerals 
geology aspects, their composition and quantitative 
ratio. To assess the impact of fracturing on weathering 
processes clearings were laid in areas with different 
degrees of fracturing in which the fracturing modulus 
(Mt) was measured at different depths. Clearing No. 1 – 
area with reduced fracturing modulus. Clearing area 
No. 2 in the zone of increased fracturing. 

Fig. 8 shows the change in the fracturing modulus 
of mudstone-like clays in clearings № 1, 2. Fig. 9 
shows the mineralogical composition according the 
thermal analysis data.  

Abrasion, the activity of which has been studied on 
the banks of the Kama reservoirs for more than 
30 years by the laboratory of ENI PSNRU, also 
naturally reacts to the influence of tectonic fracturing. 
In this case, the rate of processing of banks composed 
of terrigenous rocks (sandstones and mudstones) 
located within and outside local structures along 
reference points was compared. Results of observations 
are given in Table. 

As expected, the rate of bank reformation within 
local structures due to the presence of fracturing in 
them exceeds the rate of shore retreat in areas located 
beyond their boundaries. 
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Comparison of the intensity of banks reformation within local structures and outside them  
 

Water Storage Reservoir Reservoir Sector 
Average annual values of banks reformation, m/10 years  

1960–1970 years 1970–1980 years 1980–1990 years 
Within the limits of local structures 

Votkinsk 

Tolstik 0,5–1,0 0,2–1,2 0,7–1,3 
Novoilyinsk 0,3–0,9 0,6–0,8 0,4–0,9 

Tabory 0,5–1,2 0,6–0,9 0,9–1,2 
Monastyrka 1,5–2,4 1,0–1,8 2,0–3,3 

Kama 
Kononovka 0,7–1,4 1,2–1,5 0,8–1,2 
Bystraya 0,9–1,5 0,7–1,3 1,3–1,5 

Ust-Garevaya 1,2–1,7 0,9–1,5 1,4–1,0 
Average 1,9 1,0 1,3 

Outside local structures 

Votkinsk 
Dvorcovaya Sludka 0,1–0,3 0,2–0,4 0,0–0,2 

Trikhinyata 
Kostovatik 

0,3–0,5 
0,7–0,12 

0,3–0,7 
0,5–0,7 

0,3–0,5 
0,3–0,9 

Kama 

Taman 0,0–0,2 0,1–0,4 0,1–0,3 
Kondas 0,2–0,4 0,1–0,3 0,2–0,3 

Gorodische 0,0–03 0,4–0,8 0,3–1,0 
Ust-Kosva 0,2–0,3 0,3–0,5 0,0–0,3 

Average 0,3 0,4 0,4 
 

Conclusion  
 

The technique for identifying zones of increased 
fracturing within local tectonic structures can be used 
in engineering and geological assessment of the 
territory of massifs in order to predict the most 
unfavorable areas for engineering development and 
those requiring special attention in the process of 
performing design work and special design solutions. 

The correctness of indentifying zones of increased 
fracturing is confirmed by a set of criteria at 

different levels:microlevele – state of the crystal 
lattice; meso level – physical and mechanical 
propeties of rocks; macro level – activation of 
exogeneous processes.  

The close correlation of these criteria with the 
intensity of tectonic fracturing (LT) allows using this 
indicator as a base for determining zones of varying 
degrees of disturbance in the massif. 

Identification of taxa by indicator (LT) within local 
structires can be used to solve problems in large-scale 
engineering-geological zoning.  
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